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l. Introduction

This report covers the following catalysts:
25X1

a. 01l Cracking Catalyst

b Hydroforming Catalyst

¢c. Dehydration Catalyst for Butylene Production

d. Hydrogenation Catalyst for Cyclohexanol Production

e, Hydrogenation Catalyst for Hexanediol - 146 Production

f. Hydrogenation Catalyst for Isobutyl Dichloride Preparation
ge Dehydration Catalyst for Isoprene Production

h. Dehydration Catalyst for Adipic Dinitrile Production

i. Dehydration Catalyst for Toluene Production

a. 0il Cracking Catalyst

(1) The standard Leuna oil cracking catalyst was an alumina silica
catalyst, similar to the Houdry. 0il cracking catalyst. Its
chemical composition was 1A1203" 9 510, which was just outside
the range of the Houdry patent. This patent was disregarded
during the war, and the silica content was increased to
1A1203 *10 8i05.
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(2) The catalyst was prepared in three steps, each at a different
. plant. Aotive silica, or kieselgel, was prodused ai OGaterode.in
a8 plant of 8 - 10 motric tons/month capacity. Phe regquired
&otive alumina was prepared at Leuna. Thoe Kieselgel and active
alumina were combined at Schkoelisn, near Osterfeldi, tc¢ prodnsce
the finished catalyst. '

(3) Theé kieselgel was prepared as followa: Sodium ailicate solu~
tiom; of 1.333 specific gravity, was mixed with sufficient 2
normal sulfurlec acid to provide a pH of 3.5 at a tempearainre not
exceading 1590, after which, by heating to 60 = 70°¢, a gol was
formed. This gol was crumbled, washed by decsntation, driced at
120 « 150°C, and ground in & bali mill to produce B white powder
of active silica or kieselgel. Ammonia vapors, enoountered at
any stage, would result in an inastive silica.

(4) The aotive alumina was prepared as follows: A astrong solution of
sodium aluminate, containing about 200 gnm 41203 liter, was pro~
pared from metallic aluminum and sodlium hydroxide solution, and
then mixed with sufficient 20% nitric ascid to proride a PH of
5.5 = 6.5 at o temperature not exceeding 40°C. The gelatinous
prooipitate of aluminum hydroxide, thus formed;, was filtored and
washed in a filter prems, dried at 120 - 180°C; and ground in a
ball mill to proeduce a white powder of active alimina. It was
found that if the aciive alumina were peptized, by the addition
of about 2% of the nitriec acid theoretisally raguired to comnvert
all the alunina to aluminum nitrate, the sirength and eotivity
of the finished catalyst would be increased. '

(5) At Sohkoelen the active alumina could be first peptimed, or elee
¥neaded dirootly; for 1 - 2 hours, with kieselgel and water. The
resulting dough was oxtruded into 6 mm diemeter rods, whioh were
formed, in a speoial machine, into spheres of 6 mm diamoter..
After drying at 120°C, these spheres vere hoated at 450°C, for 2
horrs, in ordéexr to obtailn the desired mechanical properties, and
t0 assure denitration if the slumina had been peptised.

(6) 'The 6 mm diameter spheres of oil cracking catalyst were white,

. ~porous; hard, and yot sculd be bounced from the floor to the
ceiling without fracture. This elastic behavior was one reason
for mechanical stability. The catalyst had a long life, hoth as
regards mechanical sirength and catalytic activity. When re-
pleced afier six monthe, it was still strong and quite aotiva.

(7) Deocausc of theee excoellent propertiies it was planned, ao early
as 1941, 4o exrect a moving bed or Thermofor oatalytic cracking
plant in Pressburg (Bratislava), Czeshoslovakia. A pillot plent
with fixed bed was erested scuth of Leouna; nocar Jeuwbenr, but
nover put iuto operation hecauss sufficisnt catalyost was not

avalilableo.

(8)
25X1

At that time the activity. of the oil oracking catalyst had

sadly deétoriorated. The cause was finally traced to the Leuna
produoed alumina, which although still astive enough for mee in
hydreforming and dehydration catalyet, was no longer suffiolently
active for use in the oil oracking caialyst. Before ths prooe.-
dure oould be correoted, the terriiory was occupied by the Alllaes

in May 1945.
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25X1 | The catalys® worked well with the middle
petroleun fraction from Zistersdorf, Austria, which was used
in the laboratory unit.

be EHEydroforming Catalyst

(1) The ocatalyst developed at Leuna for tha dehydrogensiion and con-
. . wersion of paxraffinic hydrocarbons into cyclic arnd aromatic
hydrosarbons in the presence of hydrogen was compzesd by waight
of 90% Al,03z, 10% Mdjz- It was prepared on a laboratory scals
by mixing parified alfimina with a solution containing molybdic
oxide dissolved in 25% ammonis solution, then evaporating, oven
. ) drying at 120 - 180°C, grinding, and pelleting to 9 x 9 am
B : . oylinders. On & large scale it was preparsd by spraying the
ammenium molybdate soiution on 9 x 9 mm sylinders of purified
alumina in an sgglomeration drum, followed by drying at 120-180°C,
It was used in a fixed-bed, full-ssals plant, started up in 1342,
in Moosbiorbaum, Austria, where Rumanian oil was hydroformed at
15 atm to preduco basic stock for aviation fuels.

25X1 {2} |
©Op Jsbydrugenstion Catalyst for Butylene Produscticn

{1) The Louna dehydrogenation catalyet for the produstion of both
. norwal and isobutylene was composed by weight of 0% Alp0Oz,
b &P 'cr20 , and 2% Ko0. It was prevared by treating alumina with
conSefitrated solution of chromic asoid ~ potassium diochromate, .
followed by drying at 120 - 180°C, grinding, and pressing inte Y
6 x 6 mm cylindere.

) . (2) This catalyst was produced in the catalyst plant in southern

e . . . Leuna, and ugsed izm a piiot plant in northoern Levna to convoert

! ‘4gobutane iptoc 4sobutylene by simply pa=sing isobutane through
the reaotor at 450 - 480°C. After every 8 hours of operation,

i the catalyst was regenerated by blowing with air to burn off
the coke.

(3) In late 1943, a moving-bed full-soele plent, known as the DHD

. . plant, was ereoted in southern Leuna. The catalyst foll through
vertical tubes of siliocon chrome steel, dropping on horisontal
feeler-rods, attached to small square plates, on the reactor
shell. The worlman, by extending a small rod, or even & ponoil,
from the square plate to his ear, could hear whether or not that
particular tube was operating properly. The tubes were heated
by a gas-fired oven, with reoycling of fire gasos to control the
temperaturc. The catalyst was discerded after 300 kg of isobu=-
tylene had been produced per kg of catalyst.

25x1 W

(5) The integration of the isobutylens plant wes as follows: Normal
: . . butane, probably obtained by the hydrogenation of ocoal using

~ tungeten oxide on clay or fullsr'!a earth as catalyst was isomer-
iged at Leuna to isobutane using aluminum chloride catalyst.
Isobutylense, preparsd dy lscbutans dehydrcgenation aes described
above, was polymerized by sulfuric acid catalyst to form iso-
ootene. This was hydrogenated over nickel catalyst to form iso=-
octane, which was blended with basic ziock to produce aviation
fuels. Later by the alkylation process with a sulfuric acid
catalyst, iseoctane could be formed in one direct step by the
reaotion of imobutane and iscbutylene.
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dp . Eydrogenation Catalyst for Cyclohexanol Production

~(1) ‘The standard Leuna hydrogenation catalyst had the formmla compo-
. . sition 3Ni ¢ 1A1,03, and was prepered as follows: nickel was

digested with nitrio acid, and aluminum with caustiec soda, and
the resulting solwtions of nickel nitrate and sodium aluminate .
coprecipitated at a pE of 5.5 =~ 6,5 at a temperature not exseed-
ing 40°C to form mixed nickel hydroxide and aluminum hydroxide,
which after filtration and washing in a filter press ware dried
at 1809C, ground in a ball mill, and pressed into 6 x 6 mm or
9 x 9 mm cylinders. The catalyst at this stage wes given the
Leuna No 3390.

(2) ' Thess oylinders were then heated to 400°C while expomed to a

. ptream of nitrogen, which was gradually replaced by hydrogen, and
after en B-hour exposure to hydrogen, at 400°C, using 1,000 vole
umes of hydrogen per hour per volume of catalyst, the catalyst
wes cooled to room temperature, maintaining a steady stream of
hydrogen. If exposed to air at this stage it would be completely
deactivated. However, by replacing the hydrogen first by a
stream of nitrogen, and then by air, only a small and controlled
amount of deastivation would result from the 0.2 = 0.5% of OxXy=
gen contained in the commercial nitrogen. This ocatalyst, Leuna
No 6523, could then be reastivated in the reactor bafore use, dY
heating in a .stream of hydrogen.

(3) This ocatalyst was used for the hydrogenation of phenol to cyclo=
25)<1hezanpl, which ocould then be oxidized with nitric acid to form
gdipic acid, an 1ntermeﬁlgte in the manufacture of nylon.

25X1
25X1

(4) It is now being produced at Leuna at a rate of about 10 metxric

- tons per month
25X P :

X 25X

oo Hydrogemation Catalyst for Hexanediol -~ 1,6 Production

(1) This catalyst was a copper - barium - ohromite Homer Adkins
... oatalyst. It was prepared by mixing & solution of copper nitrate
25X1 and barium nitrate with a solution of ammonium diohromate te form

a precipitate which was washed and dried. It wes then heated to
2509C at which temperature the brown precipitate spontenecusly
ignited %o produce a black powder in whioch the chromate had been
redunced to chromite. This powder could be sotivated only by 104
acetic acid. Following washing and drying, the powder was formed
into finished 6 x 6 mm oylinders.

(2) This catalyst was used to hydrogenate the ethyl ester of adipio
acid to form hexanediol - 1,6 with ethanol and water by-producis.
The hexanediol - 1,6 may be used ap a dihydroxy alcohol for
reaction with fatty acids to produce lacquers like the alkydals,
or it may be used to producs esters vhioh serve as lubriocating
oile.

(3) 1In 1941-42 s piloi plant was in opexation in northern Leuna, in
Bldg 219. It produced about 5 = 7 kg per week of satalyat.
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fs Egdrogenation Catalyst feor Isobutyl Dichloride Preparsation

(1) fThis catalyst was a pure nickel catalyst, made at the reguest of
Dr Striegler, now in Dzershinsk. It was prepared from hasis
nickel carbonate which was dried, roasted to a black powder,
pressed into 6 x 6 mm cylinders, and reduced with hydrogen at .
2809C for 36 hours, It was stored in toluens to pravent deaocti=
vation with air,

(2) This catalyst was used for the hydrogenation of isobatylenme di-
. ohloride to isobutyl dichloride. A low operating temperature
25X1 about 100°C was required so as not to displace the chlorime

atoms. | ]
25X1| |this catalyst can be used
for hydrogenation of ethylene to ethane at temperatures as low

ae «~80°C.

€« -Dehydration Catelyet for Isoprene Production

(1) This catalyst was composed of about 50% kxieselguhr, tho remsine
der being alumine and phosphoric acid | ]
It was prepared by mechanically mixing and kneading ihe
25X constituents tc¢ form a dough which was extruded into 6 mm diam-
25)(1etor rods and roasted for one hour at 400 - 500°C, The final
produot was brittle and could be broken to desired lengths.

(2) This oatalyst was used in a pilet plant at Leuna for the produce
. tion of isoprene from isobutylene and formaldehyde by a twomatagoe
process. The isobutylene and formeldehyde were firat reacted at
room temperature in the presence of 20% sulfurioc acid to form a
substituted dioxane intermedimte. This intermediate, in the
presence of the dehydration catalyst above, split and was dehy-
drated to form imoprene and water. A total of about.30 tons of
_ igopreno was produced and sent to Sohkopau.

(3) The process worked well and was the subject of a patent. .

h. Dehydration Cotalyet for Adipic Dinitrile Production

(1) In the early steges of this work, boryl phoephate was used as a

. . oatalyst. Later it was found that a catalyst of 50% kaolin and
50% tungsten oxide was betters This latter catalyst was.prepared
by mixing the oconstituents with water or dilute smmonia solvtion
in a ball mill, to produce & thick slurry, like wot plaster,
whioh was ovaperated, dried at about 120°C; and pressed into
6 x 6 nm oylinderas. If the keolin had first been healed ‘at
600°C for 2 hours, before mixing, an improvement in catalytic
activity was obtained.

(2) This catalyst was used to produce adipic dinitrile by reaction

. . of adipic acid and ammonia. Dr Diericha, now at Loverkusen,
worked on this prooess. By hydrogenation ovexr Renoy cobalt
catalyst, the product could be cénveried into hexamethyleneo
diamine, an intermediate for nylon production.

(3) A pilot plant, whioh later served as a small full-soalo plant,
was located in northern Leuna, Its capacity was about 30 motrie
tons per month.
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1. Dehydration Catalyst for Toluene Production

25x1 )
25X1
(2)

(3)

[ |it wes a complex mixture
of kisselguhr, phosphoric acid, zinc oxide, and perhaps some mag-
nesium oxide, It was prepared by mixing and kneading the abdove
constituents, followed by drying on an aluminum sheet at 120 -
150°C. Phe aluminum reacted with the phosphoriec acid, produoing
hydrogen, which resulted in an active and porous catalyst, gray
in color and irregumlar in sizes

This catalyst was_prepared in a fullescale catalyst plant in
southern Leuna. | ] It was used in a
full-gcale production plant at Waldenburg, Silesia, where toeluene
wan prepared by the dshydration reaction of methanol with benzene,
according to the Witol process, Dr Marous, now in Buenos Aires,
wag intorested in this process. Unfar tunately, the catalyst
oaked during operation, and air compressors were ofitem required
to rerove it. AB a result, the prucess was very expensive.

The plant at Waldenburg had a capeocity of 4,000 metric tona per
month of toluens, dut is no longer producing.

-~ end «
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